Boerhaave syndrome, the spontaneous perforation of the esophagus, is an emergency, life-threatening condition. Current endoscopic treatment options include clipping and stenting, but the use of polyglycolic acid (PGA) sheets for treating the condition has not been reported. In recent years, PGA sheets have been used after endoscopic submucosal dissection to prevent perforations and stricture formation in patients treated for early-stage carcinoma. We report the cases of two patients with Boerhaave syndrome who were successfully treated using PGA sheets. The present clinical outcomes suggest that the use of PGA sheets is feasible and safe for treating patients with Boerhaave syndrome, and that they may be another treatment option. (J Nippon Med Sch 2017; 84: 241 245) 
Introduction
Boerhaave syndrome, the spontaneous perforation of the esophagus, is an emergency, life-threatening condition with a high mortality rate. Accurate diagnosis, definitive interventional treatment, and perioperative intensive care management are required for patients experiencing this syndrome 1 . The gold standard treatment is surgical repair 2 4 . However, such highly invasive surgery may not be the preferred option for some patients, especially elderly individuals with hemodynamic and/or respiratory instability. Additionally, exposing the ruptured site of the fragile esophagus is also sometimes difficult. Moreover, strictures and dehiscence of the ruptured suture site often occur postoperatively. Thus, to overcome these surgeryrelated problems, endoscopic treatment (e.g., closure of the ruptured site using clips or stents) may be considered 1, 5, 6 .
Throughout recent decades, improvements have occurred in the treatment of early-stage esophageal carcinoma, using endoscopic submucosal dissection (ESD). A novel and effective approach has been reported to involve the use of polyglycolic acid (PGA) sheets, in combination with ESD; promising outcomes have been observed 7 11 . Several reports have suggested that the use of an endoscopic tissue-shielding method, involving PGA sheets and fibrin glue, may prevent delayed perforations and stenosis after ESD.
Successful endoscopic treatment of Boerhaave syndrome, involving clipping or stenting, has been recently reported 12 18 , but reports regarding the use of PGA sheets for the treatment of this condition have not been published. Here, we present the cases of two patients with
Boerhaave syndrome who were successfully treated, endoscopically, with PGA sheets and fibrin glue, without primary suturing of the ruptured site, during treatment.
Case Report

Case 1
A 64-year-old man (height, 170 cm; weight, 80 kg) was transferred to our university hospital because of chest pain. The patient's chief complaint was sudden-onset severe chest pain that followed alcohol consumption and vomiting; he also reported cold sweats. His blood pressure (88/40 mmHg), pulse rate (70 beats/min, regular), respiratory rate (23 breaths/min), and laboratory findings were unremarkable. Computed tomography revealed pneumomediastinum and pleural effusion (Fig. 1a) , and endoscopy demonstrated a laceration in the left posterior wall of his esophagogastric junction (Fig. 1b) . Based on the above findings, the patient was diagnosed with Boerhaave syndrome.
Because of the presence of a large amount of contaminated pleural effusion, a thoracotomy was performed.
There was leakage of gastric fluid, with large amounts of saburra and hemothorax. During lesion exteriorization, we noted that the patient's esophagus was very fragile and that primary suturing was not feasible. Thus, we irrigated the pleural cavity and inserted drainage tubes at the anterior and posterior areas of the lesion and at the pulmonary apex. After obtaining written informed consent from the patient's family (he also provided deferred informed consent as he recovered consciousness), we endoscopically covered the laceration with a PGA sheet, after the thoracotomy.
The endoscopic treatment involved the following steps.
First, we gripped a 100 50-mm PGA sheet (Neoveil, Gunze, Kyoto, Japan) with a pair of grasping forceps at the distal end of the endoscope, moistened the sheet with normal saline, and wrapped it around the endoscope ( Fig. 2a and 2B ). After the end of the endoscope passed the wound, we advanced the grasping forceps through the overtube, released the grip, and placed the PGA sheet over the wound (Fig. 2c) . Next, we fixed the distal part of the PGA sheet to normal tissue with a clip (Fig. 2d) , partially withdrew the endoscope to cover the wound with the PGA sheet, and fixed the proximal end of the PGA sheet to normal tissue with another clip (Fig. 3a and 3b). Finally, we sprayed fibrin glue (Beriplast P Combi-Set Tissue Adhesion, CSL Behring, King of Prussia, PA, USA) through a spray tube, followed by thrombin through another spray tube ( Fig. 3c and 3d) .
The following day, endoscopy showed that the PGA sheet remained attached to the wound. The patient was discharged from our hospital, without complications, 47 days after receiving critical care treatment and rehabilitation. After 123 days, outpatient endoscopy revealed that the wound had healed and that the PGA sheet had been absorbed.
Case 2
A 68-year-old man (height, 165 cm; weight, 57 kg) was transferred to our hospital due to sudden-onset chest pain after alcohol intake and vomiting. The patient was taking two kinds of antithrombotic agents (cilostazol and ethyl icosapentate) due to inoperable left subclavian artery stenosis. His vital signs indicated a blood pressure of 142/64 mmHg; a radial pulse of 110 beats/min, regular; and a respiratory rate of 28 breaths/min; the laboratory findings were unremarkable. Similar to the previous case, computed tomography showed the presence of pneumomediastinum and endoscopy revealed a laceration at the esophagogastric junction.
This patient was treated in the same manner as the first patient. During the thoracotomy, the patient demonstrated a hemorrhagic tendency, probably due to his use of antithrombotic agents, during the exteriorization of the esophageal lesion. Again, primary suturing was not feasible; thus, we irrigated the pleural cavity, and placed three drainage tubes before completing the thoracotomy. The PGA sheet was wrapped around the endoscope after moistening it with normal saline. (c) After the end of the endoscope was advanced past the wound, the grasping forceps were advanced slightly through the overtube, the grip was released, and the PGA sheet was placed over the wound. (d) The distal part of the PGA sheet was fixed to normal tissue using a clip.
After obtaining written informed consent from his family (the patient also provided deferred consent during recovery), endoscopic treatment to cover the laceration with a PGA sheet was performed.
During the patient's hospital stay, his condition was complicated by deep thrombophlebitis that required anticoagulation. The patient was discharged home, without complication, 72 days after intensive treatment and longterm rehabilitation. After 144 days, outpatient endoscopy confirmed that the wound had healed and that the PGA sheet had been absorbed (Fig. 4) .
Discussion
The outcomes of these two cases suggest that the endoscopic placement of PGA sheets may be a feasible and safe treatment option for patients with Boerhaave syndrome. Because the PGA sheets are flexible and can easily cover the lesion, they may overcome some of the surgery-related problems associated with other treatment options.
The standard treatment for Boerhaave syndrome remains surgical treatment and primary closure of the lesion. However, recent studies have suggested that endoscopic treatments, such as clipping and stenting, may be acceptable alternatives 12 18 . Indeed, endoscopic treatment may be particularly useful for high-risk patients and those with comorbidities that limit their tolerance of surgery 1 . Randomized trials have not been conducted to directly compare endoscopic therapy with surgery for the treatment of Boerhaave syndrome, but observational studies suggest that a significant number of patients undergoing endoscopic therapy required reintervention. In one systematic review that described 340 patients with esophageal perforations, endoscopic stenting had a success rate of 81%, but endoscopic reintervention was required in 58 (17%) and surgical reintervention was required in 33 (10%) patients 13 . Another retrospective study compared the clinical outcomes of 20 patients who underwent surgery with those of 13 patients who underwent endoscopic stenting for the management of Boerhaave syndrome 6 . No differences in morbidity or intensive care unit/hospital stays were found between the groups, but 11 of the 13 patients undergoing endoscopic stenting required additional operative interventions 6 .
PGA sheets are reinforcing materials that are hydrolyzed, in situ, within 15 weeks after shielding. In the field of gastrointestinal endoscopy, they are used after ESD to prevent strictures and perforations 7 11 . Based on the studies of Takimoto et al. 7, 8 , we devised an endoscopic treatment that incorporated the use of PGA sheets and fibrin glue to provide a treatment that is simpler and safer than other gastrointestinal endoscopic treatments.
Each endoscopic treatment method has advantages and disadvantages. Although clipping is easy to perform, it only covers approximately 1.5 cm of the lesion, and it cannot be adjusted based on the lesion's size or location 19 .
Although stents can cover larger wounds than clipping, however, the presence of clips and stents may pose problems during surgery, unlike PGA sheets.
We encountered two patients with Boerhaave syndrome who were successfully treated using PGA sheets, without primary suturing of the ruptured site. Further studies are required to confirm our findings and to optimize the treatment protocol for Boerhaave syndrome (e.g., surgical or endoscopic treatment). We suggest using PGA sheets to treat patients with Boerhaave syndrome if they have a high surgical risk or have comorbidities that minimize their tolerance of surgery.
In conclusion, endoscopic therapy using PGA sheets may be considered a treatment option for Boerhaave syndrome. The use of PGA sheets during endoscopic therapy is relatively safe and can be easily performed in combination with surgical drainage of the pleural cavity.
Further studies are required to confirm our results.
